The surface composition of alloys is generally different from that of the bulk. In a random metallic alloy, for example, the surface composition is mainly determined by the segregation of one of the alloy components to the surface of the alloy according to Gibbs' adsorption isotherm, 1 which predicts that the element, which lowers the surface energy, segregates toward the surface. In the case of ordered alloys, however, the situation may be quite different ͑for a review see Ref. 2͒ . For instance, most of the surface truncations of a perfectly ordered alloy have a composition different from that of the bulk simply for crystallographic reasons. In such cases there are at least two different possible truncations of the bulk, and which of these is realized may not depend on the segregation energy at all. Instead, the surface composition may be connected to the way the surface has been created or even to the evaporation rate of the alloy constituents as seen in the cases of some oxides and carbides. 3 In this paper I consider the surface of a binary, ordered, and near-stoichiometric alloy with two crystallographically nonequivalent sublattices. We show that not only is the composition of such a surface a function of the surface segregation as well as the ordering in the bulk and at the surface, it is also strongly influenced by the alloy composition in the bulk. In fact, I predict a sharp transition in the segregation behavior of the alloy components caused by an infinitesimal change in the bulk composition near the stoichiometric value. To my knowledge, such a transition has not been observed experimentally, but here, I demonstrate the basis of density functional calculations that the effect should be found at the ͑111͒ surface of intermetallic compounds Ni 3 Al and Pt 3 Fe(111).
Both Ni 3 Al and Pt 3 Fe have an A 3 B-L1 2 -or Cu 3 Au-type structure with two nonequivalent sublattices. The ͑111͒ surface of the perfectly ordered alloys, shown in Fig. 1 , has exactly the bulk stoichiometric composition. The equilibrium surface composition at zero temperature ͑the role of the temperature will be discussed in another paper 4 ͒ is determined by the minimum in the surface energy, ␥(͕c i ͖), which depends on the concentration profile ͕c i ͖ of some finite surface region: However, we will follow a single-phase consideration, since both Ni 3 Al and Pt 3 Fe exist in a final concentration interval.
At Tϭ0 the minimal path is trivially identified in Ni 3 Al and Pt 3 Fe since the vacancies do not form stable alloys on the sublattices at off-stoichiometric compositions. Therefore the excess of atoms in the alloy leads only to the formation of the corresponding partial antisite defects, e.g., Ni partial antisites on the Al sublattice in the Ni-rich off-stoichiometric Ni 3 Al alloys. Further, in the vicinity of the stoichiometric composition the role of short-range-order effects due to, for instance, the additional ordering of antisite defects on a sublattice is again negligible, 5 and, thus, the total energy is basically only a function of the alloy concentration and a LRO parameter, which may be determined as ϭc B (B)Ϫc B (A), where c B (␣) is the concentration of B on the ␣ sublattice.
Since there are no thermal defects at Tϭ0, which in the case of Ni 3 Al and Pt 3 Fe are exchange antisite defects or coupled pairs of partial antisites preserving the alloy composition, 6 ,7 the maximum value max providing the lowest ordering and total energy is uniquely determined by the alloy composition c ͑Ref. 6͒:
The easiest way to follow the behavior of the total energy of an ordered alloy near the stoichiometric composition is to divide it into two contributions: ͑i͒ the total energy of the random alloy of a given composition and ͑ii͒ the ordering energy. To lowest order the latter is a quadratic function of the LRO parameter with a prefactor which is the Fourier transform of the effective pair interactions at the corresponding superstructure vector V(k s ) ͑Ref. 6͒:
According to Eq. ͑3͒ the LRO parameter as a function of alloy composition reaches its maximum value at the stoichiometric composition cϭ0.25 and decreases linearly to both sides. This means that the ordering energy will exhibit a kink as shown in Fig. 2 . Since the total energy of a random alloy is usually a smooth function of the alloy composition, the kink will be present in the total energy of the ordered alloy and, consequently, the chemical potential will exhibit a discontinuity at the stoichiometric composition. Using the definition of the effective chemical potential ͑2͒ and the ordering energy ͑4͒ together with Eqs. ͑3͒ and ͑5͒ one finds that the discontinuity is exactly equal the energy of the exchange antisite defect, xc , which in the case of the L1 2 structure is In Fig. 3 we show the calculated surfaces energies of Ni 1Ϫx Al x (111)/Ni 3 Al as functions of the Al concentration ͑x͒ in the surface layer for the stoichiometric and for two off-stoichiometric, Al-rich and Ni-rich, bulk compositions. In all the calculations the alloy in the surface layer has been considered to be in the maximally ordered L1 2 (111) state, i.e., without exchange antisite defects. The partial antisites of one type have been assumed to be distributed randomly on the sublattice of the deficient element. The calculations have been performed by the Green's function technique based on the Korringa-Kohn-Rostoker ͑KKR͒ method in the atomic sphere approximation with multiple moment correction for the Madelung potential and energy. 8 The coherent potential approximation has been used to obtain the electronic structure of the partially ordered alloys in the bulk ͑during the chemical potential calculations͒ and at the surface. The local density approximation has been used with the exchangecorrelation functional parametrized by Perdew et al. 9 More details about the Green's function technique may be found in Ref. 8 .
Lattice relaxation effects due to the atomic size mismatch of the alloy components, which may be important for an accurate quantitative description of the alloy energetics in these systems, have not been included. Since the ͑111͒ facet is closed packed, this, in fact, is not important for the segregation energies since the corresponding contributions to the bulk and surface chemical potentials are usually cancelled out. 10 The largest error due to the interlayer relaxations will be in those cases where the alloy composition at the surface is significantly different from that of the bulk, that is, when the surface of an alloy is covered by a psuedomorphic monolyaer of one of the alloy components. In the case of Ni on Ni 3 Al(111) and Pt on Pt 3 Fe(111) the relaxations, however, should be small due to the small lattice mismatch of bulk Ni ͑Pt͒ and Ni 3 Al (Pt 3 Fe). In the case of Al on Ni 3 Al(111) and Fe on Pt 3 Fe(111) the interlayer relaxations could be of order 0.1 eV, since the corresponding interlayer relaxations for Al on Ni͑111͒ and Fe on Pt͑111͒ are about 0.04 and 0.16 eV, respectively.
11 However, such relaxations may change only the slope of the corresponding surface enery curves near the corresponding surface configurations. This hardly influences the quilitative consideration adopted in this paper.
Consider now the surface energy for the offstoichiometric alloy compositions shown in Fig. 3 . In the A-rich alloy the bulk alloy composition is A 3 (B 1Ϫ␦ A ␦ ) while in B-rich alloy (A 1Ϫ␦ B ␦ ) 3 B, where 0Ͻ␦Ͻ1. In fact, the results presented in the figure are obtained for ␦→0; i.e., the actual difference in the bulk compositions of the two off-stoichiometric alloys is negligible. Nonetheless, the surface energies differ dramatically in the two cases and, as a consequence, the surface layer in the Al-rich alloy should be Ni 3 Al(111), while, according to the lower panel, Ni should segregate toward the surface of the Ni-rich Ni 3 Al, forming a pure Ni overlayer. Finally, if the bulk composition is exactly stoichiometric, the surface composition is pinned at the stoichiometric value. In other words, the Ni concentration in the surface layer changes discontinuously from 0.75 to 1.00 upon an infinitesimal change in the bulk concentration.
The kink in the surface energy at the stoichiometric composition of the surface alloy (xϭ0.25) in an offstoichiometric bulk alloy is the consequence of the behavior of the ordering energy in the surface layer, which is similar to that of the bulk discussed earlier. The kink, however, is almost doubled in magnitude at the exact stoichiometric bulk composition, because of the discontinuous behavior of the effective chemical potential. This means that the segregation energy of, e.g., Al, toward the surface layer, obtained as the first derivative of the surface energy with respect to the concentration ͑x͒ in the first layer, has a discontinuity at the stoichiometric composition for the surface alloy (xϭ0.25) of xc sur f ϩ xc , where xc sur f is the energy of the formation of an exchange antisite defect in the ordered surface layer. In the case of Ni 3 Al, xc ϭ0.98 eV and xc sur f ϭ1.0 eV. One might have expected a reduction in the latter compared to the bulk value due to the reduced number of bonds at the surface, but it is found to be almost unchanged due to the enhanced ordering at the surface, which seems to be a common effect for the NiAl system. 8 Hence, the segregation energy is changed by about 2 eV by an infinitesimal change in the surface alloy composition near its stoichiometric value.
The physical mechanism behind the unusual behavior of the surface and segregation energies is as follows. Consider the difference in the surface energy of Al-rich and Ni-rich bulk Ni 3 Al for a surface alloy composition in the range 0 ϽxϽ0.25. Such a composition corresponds to the segregation of Ni toward the surface layer which involves the transfer of Ni atoms from the bulk to the surface and a compensating transfer of Al atoms from the surface into the bulk. If the bulk alloy composition is Al rich, this can happen only by the formation of additional, partial Al antisite defects on the Ni sublattice, which is always energetically unfavorable. Hence, the surface energy increases. If, on the other hand, the bulk alloy is Ni rich, the Al atoms that arrive from the surface go to the Al sublattice where they replace Ni atoms which go to the surface, thereby annihilating partial Ni antisite defects on the Al sublattice in the bulk. This is an energetically favorable process and the surface energy decreases accordingly.
The reason why the surface energy of stoichiometric Ni 3 Al viewed as function of surface composition x is a combination of the two upper branches of the surface energies for the Al-rich and Ni-rich cases ͑see Fig. 3͒ is the fact that any change in the surface composition relative to the stoichiometric value leads to the formation of partial antisites in the bulk. As a result, the surface composition becomes pinned to the stoichiometric value. This is in agreement with existent experimental data 12, 13 which indicate that the ͑111͒ surface of stoichiometric Ni 3 Al alloy has the stoichiometric composition.
To observe the discontinuous change in the surface composition experimentally one must produce a slightly Ni-rich Ni 3 Al sample. However, at very small deviations from the stoichiometric bulk composition the concentration of antisite defects will be very small and most of the antisite defects will be very far from the surface. Hence, the formation of the equilibrium concentration profile will be kinetically hindered, especially at low temperatures. On the other hand, at high temperatures the off-stoichiometric effect will be less pronounced, since the formation energy for antisite defects, which depend linearly on the LRO parameters ͑5͒, will be smaller.
In Fig. 4, I show the similar off-stoichiometric effect at the ͑111͒ surface of ordered Pt 3 Fe. Here, the surface of the Pt-rich alloy is completely covered by Pt while the surface composition of the Fe-rich alloy should be stoichiometric, at least at temperatures well below the order-disorder transition temperature of 1400 K. These results are partially confirmed by several experimental investigations 14, 15 which have established that the ͑111͒ surface of ordered Pt 80 Fe 20 is almost entirely covered by Pt atoms. Unfortunately, no other compositions of this ordered alloy have been investigated.
